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Abstract 
We report an easy way to tune the optical refractive index and viscosity of an epoxy acrylate-based host-guest system. This 
allows fast and precise modification of the material system for different applications like hot embossing, inkjet printing or spin 
coating. In combination with previous results our latest research established a method to achieve high refractive index differences 
by the use of two different comonomers while retaining the specific viscosity needed for replication and production methods. We 
used a commercially available UV-curable epoxy acrylate based polymer matrix to investigate the influence of benzyl 
methacrylate (BMA). This paper will show the first application of the presented material system. 
The viscosity of the mixtures decreased at 20 °C linearly from 46 Pa·s (0 wt% BMA) to 3.5 mPa·s (100 wt% BMA), whereas the 
refractive index increased at the same time from 1.550 to 1.569 (@589 nm, 20 °C).  
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1. Introduction 
Optical waveguides out of polymers are gaining attention for due to their wide range of applications. In the fields 
of micro-optical components, telecom applications [1], optical sensor concepts [2] and functional films there is a 
high demand for optical polymers. Therefore different polymer properties have to be controlled and adjusted. 
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Several approaches have been shown for tuning the refractive index. Carlos et al. reviewed about partially complex 
inorganic-organic multi-component hybrid materials for optical applications [3]. Plasma-polymerization of co-
polymers is another method which was used to realize thin, scratch-resistant layers with modified refractive indices 
[4]. Disadvantages are high costs and their thermoset properties which prevent further shaping.  
This work further enhances our results [5] by expanding the presented system with an additional new material. 
Although the host-guest system was extended to a new material the ease of fabrication of the presented method is 
still preserved. The resulting material was used for fabrication of inverted rib waveguides. For this purpose, 
waveguide grooves were hot embossed into a PMMA foil with an etched silicon stamp. The PMMA foil serves as a 
substrate and lower cladding. 
2. Experimental 
2.1. Materials, mixture and sample preparation  
As main matrix monomer we used Syntholux, which is a commercially available UV-curable epoxy acrylate. To 
adjust viscosity and refractive index we used benzyl methacrylate (BMA) as a co-monomer. As a UV sensitive 
photo initiator Diphenyl(2,4,6-trimethylbenzoyl) phosphine oxide was mixed in.  
To obtain homogeneous mixtures the starting materials were mixed under ambient conditions using a high speed 
mixer. For refractive index measurements polymerized samples were produced using a silicon mold between two 
glass plates. After polymerization with a wavelength of 405 nm, a postcure at 80 °C for two hours was performed.  
2.2. Measurement setup 
After mixing the starting materials properly the viscosity was measured over two distinct experiments. The 
refractive index of the polymerized test samples was quantified using an Abbe refractometer at three different 
wavelengths (450, 589, and 680 nm) at 20 °C. Abbe numbers were then calculated.  
To obtain optical damping values of the polymerized samples and materials, respectively, the data gathered with 
a UV-Vis spectrophotometer was corrected by the thickness of the respective sample and the occurring reflection 
losses at the two interfaces of the samples and the surrounding air.  
3. Results and discussion 
3.1. Flow behavior 
The viscosity of the mixtures is strongly influenced by temperature and benzyl methacrylate (BMA), as it is 
shown in Fig. 1. Viscosity decreases for pure Syntholux from 46 Pa·s at 20 °C to 0.18 Pa·s at 80 °C, as it can be 
seen in Fig. 1 (a). The viscosity of the mixture of pure BMA is clearly measured at the limit of the rheometer. Fig. 1 
(b) shows that the viscosity decreases at a constant temperature of 25 °C from 26 Pa·s for pure Syntholux down to 
3.1 mPa·s for pure BMA. The results show that it is possible to modify viscosity for different shaping methods, for 
example offset printing, where viscosities of around 200 mPa·s are required or inkjet printing where viscosities of 
around 50-500 mPa·s are typically used.  
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Fig 1. (a) Viscosity of mixtures out of Syntholux and BMA measured with a cone and plate rheometer to identify the influence of BMA on the 
mixtures viscosity which is crucial for different shaping processes; (b) BMA dependent viscosity of the mixtures at a temperature of 25 °C. 
3.2. Optical properties 
Increasing the ratio of benzyl methacrylate (BMA) in mixtures with Syntholux increases the refractive index, as it 
is shown in Fig. 2 (a). Starting at 1.550 for pure Syntholux, refractive index increases linearly to 1.569 for pure 
BMA. Abbe numbers were calculated using the refractive indices at the three different wavelengths and were 
determined to be around 35, which can be seen in Fig. 2 (b). Optical damping was measured and corrected by the 
thickness of the respective sample and by the occurring losses due to reflection at the interfaces of the sample with 
the surrounding air. The resulting values are shown in Fig. 2 (c). The optical damping starts at 600 nm with 0.3 
dB/mm for pure Syntholux and decreases to 0.05 db/mm for a mixture with 80 wt% BMA. Combining the presented 
results of the Syntholux-BMA-system with previous results from the Syntholux-EGDMA-system [5], it is possible 
to achieve a difference in refractive index up to 0.05 with the combination of these two material systems and still be 
able to provide a constant viscosity for the shaping processes.  
 
 
Fig 2. (a)  Influence of benzyl methacrylate (BMA) on the refractive index when mixed with Syntholux in different rations; (b) From the 
refractive index values calculated Abbe numbers, which show nearly constant values; (c) optical damping results, obtained from UV-Vis 
measurements and corrected by thickness of the samples and occuring losses due to reflections at the two interfaces of the samples. 
4. Manufacturing of the inverted rib waveguide 
The resulting materials were used for fabrication of inverted rib waveguides. For this purpose, a silicon master 
structure was manufactured via photolithography and dry etching. This master was used to transfer the waveguide 
grooves into a commercially available 175 µm thick PMMA foil by hot embossing. The PMMA foil serves as a 
substrate and lower cladding. Subsequently, the waveguide grooves were filled by a refractive index and viscosity 
tailored monomer via either spin coating, flexographic printing, or inkjet printing, forming the core of the 
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waveguide. Polymerization is performed by UV flood exposure under nitrogen at room temperature. An upper 
cladding layer, although not mandatory, can be deposited with the same procedure.  
The tunable refractive index of the core polymers allows to increase the size of the waveguides, still remaining 
single-mode, while the viscosity of the layer allows mass production techniques to be used.  Combination of the 
waveguides to more complex structures, such as interferometric sensors also requires specific shifting of the 
evanescent field towards the analyte for the optimal sensitivity of the sensor, which can be achieved by the 
controlled variation of the refractive index of the core material. Fig. 3 shows the cross section of a fabricated single-
mode inverted rib waveguide. A system of Syntholux and 40 wt% BMA, with a resulting refractive index of 1.556, 
builds the core of the waveguide and is sandwiched between a hot-embossed PMMA lower cladding and an 
unstructured PMMA top cladding. 
 
 
Fig 3. Output facet of a fabricated single-mode inverted rib waveguide. The introduced hybrid polymer with 40 wt% BMA builds the core of the 
waveguide, by deposition onto a hot embossed groove in the PMMA cladding. A single-mode behaviour ca be observed. Inset: geometry of an 
inverted-rib waveguide.  
5. Conclusion 
In conclusion we were able to show that viscosity can be adjusted by the addition of benzyl methacrylate with a 
resulting increase in refractive index. An increase in benzyl methacrylate concentration from 0 to 100 wt% led to a 
decrease in viscosity from 46 Pa·s to 3.5 mPa·s. At the same time refractive index increased from appr. 1.550 to 
1.569. In combination with previous results a difference in refractive index of up to 0.05 was achieved while 
remaining a constant viscosity. The first application of the presented material system was successfully realized. 
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